ABSTRACT
INTRODUCTION
Minimally processed vegetables constitute a food segment that has gradually and increasingly attracted the consumers. When buying such products, they have the opportunity to acquire fresh-like food products, with quality assurance, since the nutritional, sanitary and sensory aspects, as well as good producing procedures, are preserved (Willey, 1997; Scalon et al., 2000; Vitti et al., 2005; Del Aguila et al., 2006) . Since the vegetables are living organisms, the greater the processing level, the higher the impact on the minimally processed product. Such impact accelerates the deterioration and shortens the product's shelf life. Injuries caused by cuts the quickly stimulate the respiratory activity and ethylene production, inducing the biosynthesis of enzymes associated with several biochemical reactions responsible for changes in color, aroma, texture and nutritional value, leading to senescence (Cantwell, 1992; Artes et al., 1998) . Moreover, defense compounds against the stresses may be produced by the tissues, which can endanger the product quality (Brecht, 1995) . Browning is one of the main causes of quality loss in minimally processed products, among other undesirable changes that processing procedures may cause (Cantwell, 1992; Brecht, 1995; Cantwell, 1996; Artes et al., 1998) . Therefore, controlling the physiological response to injuries in the preparation process is the key factor to obtain a good quality minimally processed product. Enzymatic browning basically consists of phenolic substrates oxidation and subsequent nonenzymatic polymerization of o-quinones, very reactive molecules that condense quickly, combining with amino or sulphidric groups of proteins and reducing sugars, forming brown pigments of high molecular weight and unknown structure, called melanin (Araújo, 1995) . The browning process is unleashed when cutting is carried out during the vegetable processing, when phenolic substrates located in the vacuoles get in contact with the catalyzing enzymes from polyphenol oxidation reactions, generally occurring in the cytoplasm and being associated with the membrane structures of plasmids. The enzymatic browning happens when the phenolic substrates, oxidative enzymes and oxygen react under ideal pH (6 to 8), temperature and water activity conditions. The main enzyme responsible for browning reactions is the polyphenoloxidase (PPO), although other enzymes, such as peroxidase, may also be responsible for this process (Artes et al., 1998) . Antioxidant or reducing agents prevent browning through reducing enzymatically formed oquinones into the respective colorless diphenols. They may also react irreversibly with the oquinones, forming more stable colorless compounds, such as ascorbic acid and its derivatives. The beneficial effect of the ascorbic acid is attributed to several aspects, such as capturing of oxygen and protection, forming a barrier that prevents oxygen diffusion toward the product, thus, reducing the production of oquinones and inhibiting the PPO (Artes et al., 1998) . Citric acid may also be used as an antioxidant and chelating agent, acting synergistically with the ascorbic or the erythorbic acid and their neuter salts to chelate peroxidants, which may cause rancidity and inactivate enzymes such as the PPO (Wiley, 1994) . The content of ascorbic acid of most vegetables decreases when bruising, trimming and cutting occurs (Lee and Kader, 2000) . Although being a crop of minor importance regarding the cultivated area, radish (Raphanus sativus L.) is considered important for many small property owners who grow a great variety of vegetables. Radish can be used as a cash crop between others of longer cycles and more defined sowing time due to its relative rusticity and short cycle of around 30 days. In addition, it is an excellent source of calcium, phosphorus and manganese, contains vitamins B 1 and B 2 , nicotinic acid and vitamin C, acts as a diuretic and antiscorbutic agent, and stimulates the digestive glandules and liver -promoting better digestion by the increase of bile production (Minami and Netto, 1994) . Besides, radish is gaining a great market share of minimally processed products, although its physiologic behavior after packaging is still little known. The purpose of this work was to test two wellknown antioxidants and their combinations on the minimization of enzymatic browning in radish roots due to minimal processing.
MATERIAL AND METHODS
Leaves and roots of radish, "Giant Crimson" cultivar, harvested in the Piracicaba-SP region, were taken to the Post-Harvest Laboratory of the Vegetable Production Department at "Escola Superior de Agricultura "Luiz de Queiroz" -USP", where they were selected for firmness, absence of mechanical injuries and visible infections. The initial stages of minimal processing were carried out at 15 o C, with the use of appropriate personal protection equipment, such as gloves, caps, masks, aprons and boots. With the use of a sharp knife, the radish roots were separated from the leaves and those presenting undesirable processing problems were discarded. Then, the selected roots were washed under running water to remove organic matter and other impurities from the product. Disinfection by submerging the roots in water containing 200 mg L -1 active chlorine for 10 minutes was carried out to reduce the initial microbial content over the product. The sanitizing agent used was Dichlorine-S-dihydrate Sodic Triazinatriona (SUMAVEG ® , Diversey LeverIndustries Gessy Lever Ltd). The excess of water was drained with the aid of a sieve. The material was taken to a cold chamber (10 o C), where the other stages of the minimal processing were conducted.
The roots selected for minimal processing were cut in an industrial processing unit (Robot Coupe, CL50 version D) to 2 mm-thick shreds. Next, the material was placed in nylon bags and submerged in distilled water at 5 o C for cooling and removing the cell juice resulting from cuts. The minimally processed radish roots were submerged in distilled water containing 200 mg L -1 active chlorine for 3 minutes in order to reduce the remaining microbial content. After sanitization, the radish roots were submerged in distilled water with 3 mg L -1 active chlorine for 1 minute and the excess of chlorine was removed. After rinsing, the product was submitted to the following treatments for three minutes: control ( After the conduction of treatments, the minimally processed radish roots were placed in a centrifuge for 1 minute (average of 800 x g), eliminating the excess water from the product. Subsequent to the preparation procedures and the conduction of treatments, the product was placed in expanded polystyrene trays wrapped into 14 µm thick polyvinyl chloride (PVC) film, and stored at 5ºC (±1ºC) and 90% (±5%) RH for 10 days. Physical-chemical analyses were carried out every 2 days, while the respiratory rate was evaluated daily. To measure the respiratory rate, 130g of the product were placed into 580-mL hermetic containers. A rubber septum was placed on each pot lid, through which a gas sample was taken. A sample from each pot was collected with the aid of a 1-mL syringe and then was analyzed with a gas chromatographer (Thermoffinigan, model Trace 2000 GC). The respiratory rate was determined within 5 h after minimal processing, by means of 4 readings, the first of which (time zero) was carried out 1 h after processing. Posterior readings were conducted daily for 10 days. Results were expressed in mg CO 2 kg -1 h -1 . The total soluble solids (TSS) was determined by direct reading of centrifuged fresh cut in a digital refractometer with results expressed in percentage (%). Titratable acidity (TA) was determined from 10 g of puree diluted with 90 ml of water, titrated with 0.1 N NaOH to pH 8.1 and expressed percentage of malic acid (Carvalho et al., 1990) , once this acid represents approximately 80% of the total organic acids presents in radish (Wang, 1998) . Ascorbic acid content was determined by titration (Carvalho et al., 1990) and results expressed in mg of ascorbic acid per 100g of sample. The fresh matter loss was determined as being the difference between the initial and the final mass of each repetition and results were expressed in % of fresh matter loss. Lightness (L*), a* and b* values, was determined using a colorimeter (Minolta). Readings were conducted directly on the minimally processed product. The experimental design adopted was the completely randomized 4 x 6 factorial scheme. The factors studied were treatments (4 levels) and storage time (6 levels). Four trays with 130 g of minimally processed product were used for each treatment. Results were submitted to variance analysis (F test) and, where significant, means were compared using the Tukey test at P ≤ 0.05 (SAS Institute, Inc., 1998). Six replicates per treatment were used to quantify the respiratory rate. Results were submitted to analysis of repeated measurements, which differed from the ordinary variance analyses, once a significant correlation for storage time was obtained. Since the same experimental unit was employed for the whole experiment, this correlation was evaluated by Sphericity Test. The comparison of means for treatments was carried out by univaried analysis (for each day separately) and Tukey test at P≤ 0.05.
RESULTS AND DISCUSSION
Minimally processed radish treated with ascorbic acid showed the highest respiratory rate during the first 4 h of evaluation, followed by radish treated with ascorbic + citric acids, control and citric acid, which showed the lowest respiratory rate (Fig. 1) . Four hours after processing, the respiratory rates were 15.27 mg CO 2 kg -1 h -1 for treatment with ascorbic acid, 12.19 mg CO 2 kg -1 h -1 for treatment with ascorbic + citric acids, 10.02 mg CO 2 kg -1 h -1 for control and 5.52 mg CO 2 kg -1 h -1 for treatment with citric acid. The respiratory rate increased for all the treatments during cold storage, except for the citric acid (Fig.  2) . Vitti (2003) also observed that the use of citric acid at different concentrations reduced the respiratory rate in minimally processed beet root. Citric acid is one of the controlling agents of the cell respiratory metabolism. According to Taiz and Zeiger (2004) , the accumulation of citric acid inhibits the cytosolic pyruvate kinase action, increasing the concentration of phosphoenolpyruvate in the cytosol, which reduces the conversion of fructose 6 -phosphate in fructose 1.6 -biophosphate, thus reducing glycolysis. Citric acid also reduces the cytosolic pH and may directly influence the activity of phosphofructokinase (Kato-Noguchi and Watada, 1997). On the other hand, the treatment with ascorbic acid induced a greater respiratory rate, not only during the first four hours after processing (Fig. 1) , but also during the cold storage (Fig. 2) . Antoniolli (2004) also observed a greater respiratory rate in minimally processed pineapple treated with ascorbic acid when compared to untreated ones. The increase in respiratory rate observed with the use of ascorbic acid has not been very well explained yet. It could be due to a dysfunction in the vegetal tissue or to its use as a respiratory substrate, considering that, besides soluble carbohydrates, the organic acids, lipids and proteins could also be oxidized for energy production during aerobic respiration (Taiz and Zeiger, 2004) . Two days after the storage, there was a decrease in the TSS amount, which stabilized at the end of the storage period (Table 1) . TSS amounts were always lower in the control when compared to the treatments, suggesting a possible highest consumption of carbohydrates during respiration. Mean separation by small letter in column and capital letter in row by Tukey test at P < 0.05.CA = citric acid; AA = ascorbic acid.
There were no differences among the treatments as to fresh matter loss, as the maximum loss was only 1% at the end of the experimental period (data not presented). In fact, no differences were expected for this variable, considering that the treatments carried out did not offer any barrier against the water loss. As for the acidity evaluation, 0.05% malic acid was initially observed, while on the 10 th day, the observed values were 0.16, 0.06, 0.05 and 0.03 % of malic acid for citric acid, citric + ascorbic acids, ascorbic acid treatments and control, respectively (Table 1) . Treating the radish with the acids increased the titratable acidity, since all the acids were quantified in this determination. This was clearly observed in the treatments using citric acid until the 8 th day of experiment, while for the treatment using ascorbic acid, this increase only happened until the 2 nd day of storage, probably due to the quicker acid consumption in antioxidative reactions during the following days. On the 2 nd day of the storage, there was a statistically significant increase in the ascorbic acid amounts in roots submitted to the treatments with ascorbic acid and ascorbic + citric acids, when compared to the observed for the citric acid treatment and control. This pattern remained throughout the storage period (Table 1) . On the 10 th day, 58.02, 20.62, 5.35 and 7 .45 mg ascorbic acid/100g were obtained for the ascorbic acid, ascorbic + citric acids, citric acid treatments and control, respectively. Increments in the ascorbic acid amount were also observed shortly after the treatments in experiments with minimally processed pineapple (Antoniolli, 2004) , kiwifruit (Carvalho and Lima, 2002) and papaya (Miranda, 2001) . Lightness (L*) generally decreased after the 2 nd day of storage, progressing from an initial value of 74.5 to around 50 to 56 on the 10 th day, with no significant differences being observed among the treatments (Table 2 ). This showed that the antioxidant treatments were not effective in reducing the enzymatic browning in the minimally processed product. Initial a* of -0.55 reached 22.85, 10.70, 3.98 and 3.39 on the 4 th day of storage for the citric acid, ascorbic + citric acids, and ascorbic acid treatments and control, respectively ( Table 2 ). The citric acid treatment was significantly better to the others. On the 10 th day of storage, the values were 13.28, 4.55, 4.35 and 3.25 for the citric acid, ascorbic + citric acids, and ascorbic acid treatments and control, respectively, with no significant differences among them. No significant differences were observed for b* values among the treatments on the 10 th day of storage (Table 2) . Treatments using citric acid altered the color of minimally processed radish, which showed a redish color. This result was demonstrated by using the Mazzuz's equation (1996) for calculating the color index (CI). The Mazzuz's equation is CI = 1000 x a*/L* x b*, with more positive values denoting more intense reddish color (Table 2) . Citric acid, despite being a natural antioxidant and promoting a decrease in the respiratory rate of radish, alters the normal color of minimally processed radish roots, conferring them a reddish color, which is commercially undesirable. Until now, the cause of such effect has not been determined, but it may be the result of some biochemical reaction between the citric acid and some other compound found in radish.
In conclusion, none of the treatments avoided the browning of the shredded radishes cold stored at 5ºC and 90% RH during 10 days. Further studies aiming at reducing the browning in minimally processed radish are necessary to increase its shelf life. 
RESUMO

